This paper considers continuous-time linear timeinvariant (LTI) systems over fading channels, and addresses the design of output feedback controllers that stabilize the closed-loop system in the mean square sense. It is shown that a sufficient and necessary condition for the existence of such controllers can be obtained by solving a convex optimization problem in the form of a semidefinite program (SDP). This condition is obtained by introducing a modified Hurwitz stability criterion and by exploiting polynomials that can be written as sums of squares of polynomials.
Introduction
Networked control systems have progressively become one of the hottest topics in recent years (1, 2, 3) . In this area, stability and stabilization have been studied in the presence of information constraints, e.g., finite communication bandwidth (4) , quantizers with limited information (5) , time delays (6) (7) , unreliable networks with packet losses (8) , fading channels (9) , channel with resource allocation (10) , signal-tonoise constraints (11) .
Recently, the work (9) has investigated networked control systems with fading channels. Here the connections between plant and controller are affected by multiplicative white noise processes. Sufficient and necessary conditions for stability in the mean square sense are provided. Also, sufficient and necessary conditions for the existence of stabilizing state feedback controllers are provided. This paper aims at generalizing the results provided in the work (9) by considering the design of output feedback controllers for continuous-time LTI systems over fading channels. Specifically, a continuous-time LTI plant is controlled in closed-loop by an output feedback controller, which is connected through fading channels modeled as multiplicative white noise processes. The problem consists of establishing the existence of controllers in a desired semialgebraic set such that the closed-loop system is stable in the mean square sense. First, an equivalent reformulation of mean square stability is given as asymtotical stability of a suitable matrix. Second, an equivalent reformulation of Hurwitz matrx is derived based on a modified Hurwitz stability criterion. Third, a sufficient and necessary condition for the existence of stabilizing output feedback controllers is obtained based on the solution of a convex optimization problem in the form of an SDP by exploiting polynomials that can be written as sums of squares of polynomials. The paper is organized as follows. Section 2 introduces some preliminaries. Section 3 describes the proposed results. Section 4 presents the illustrative example. Section 5 reports the conclusions.
Preliminaries
The notation used in the paper is as follows. 
Problem Formulation
Let us consider the situation depicted in Figure 1 where a plant is controlled in closed-loop by an output feedback controller over fading channels.
The plant is described by 
1 As it will be explained in Remark 2, the proposed methodology can be used also to design dynamic output feedback controllers. 
and , =1, ,
where The closed-loop system obtained by connecting the output of the controller (2) to the input of the unstable plant (1) over the fading channels (4) can be described by
Definition 1 (12) The closed-loop system (10) The basic problem addressed in this paper is as follows.
Problem 1 Design a static output controller K in the set
such that the closed-loop system (10) is stable in the mean square sense.
Modified Routh-Hurwitz Table
The Routh-Hurwitz stability criterion provides a necessary and sufficient condition for establishing whether the roots of a univariate polynomial with real coefficients have negative real parts (13) . The entries of this table are rational functions of the coefficients of the polynomial. Hereafter, we introduce a modified Routh-Hurwitz table where the entries are polynomial functions of these coefficients instead of rational functions (14) .
Let us denote the characteristic polynomial of A as where the number of rows is 1  n and the ij -th entry is 
SOS Polynomials
Here we briefly introduce the class of sums of squares (SOS) polynomials (15) . 
where ( , ) :
is a vector containing all the monomials of degree less than or equal to d in s and
:
is a linear parametrization of the linear set
and
is a free vector with 
Proposed Approach

Stability Analysis
In this subsection, we consider the stability analysis of the closed-loop systems (10) 
Proof. The closed-loop system can be rewritten into the ô It form as follows: 
where  is defined as (26)-(27).
, which follows that the closed-loop system (10) 
Controller Synthesis
Let us start by defining the new variable 
Since Assumption 1 holds, it follows from the work (16) 
n n f a n f After  has been found, one should check whether any K in the set  satisfies the other two constraints of (38). 
Remark 1
Lastly, one should replace (27) with
where
Examples
In this section, we present a numerical example to illustrate the proposed results. The computations are done by Matlab with the toolboxes SeDuMi (18) and SOSTOOLS (19) .
The set  is defined with 
Conclusion
This paper has considered the design of stabilizing output feedback controllers for continuous-tme LTI systems over fading channels. It has been shown that a sufficient and necessary condition for the existence of such controllers can be obtained by solving a convex optimization problem in the form of an SDP.
